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USEOF GROUP-SELECTIONANDSEED-TREECUTSBY THREE,
EARLY-SUCCESSIONALMIGRATORYSPECIES IN ARKANSAS

LYNN E. ALTERMAN,''^'* JAMESC. BEDNARZ,' ANDRONALDE. THILL^

ABSTRACT.—Silviculture in the Ouachita National Forest in Arkansas and Oklahoma has shifted in recent
years from mostly even-aged management to a mix of even- and uneven-aged regeneration systems, including
group-selection. Researchers have described presence/absence of early-successional bird species in forest open-
ings created by even- and uneven-aged silviculture, but few have examined nest success. We examined occu-
pancy and nest success of three early-successional species —Indigo Bunting (Passerina cyanea). Yellow-breasted
Chat (Icteria virens), and Prairie Warbler (Dendroica discolor) —within 6- and 7-year-old openings created by
group-selection (uneven-aged, <0.8 ha) and seed-tree (even-aged, 11-16 ha) cuts in Arkansas. We found 54
Indigo Bunting nests in openings created by seed-tree cuts and 28 in openings created by group-selection cuts
(hereafter “seed-tree stands” and “group-selection stands,” respectively). We found 50 Yellow-breasted Chat
nests in seed-tree stands, but only 2 were found in group-selection stands. We found 14 Prairie Warbler nests
in seed-tree and none in group-selection stands. Mayfield nest success for Indigo Bunting was 30.9% in seed-
tree stands and 41.9% in group-selection openings, but there was no difference in daily nest survival (0.952 ±
0.009 and 0.964 ± 0.010, respectively; x' = 0.792, P = 0.37). Our data suggest that Indigo Buntings can nest
successfully in both regenerating seed-tree and group-selection stands; however, group-selection openings may
be too small to support nesting Yellow-breasted Chats and Prairie Warblers. Public concerns about clear-cutting
have resulted in increased use of uneven-aged management by the USDAForest Service. However, before
widespread implementation of group-selection cutting, additional research should be conducted to evaluate the
effects of this management strategy on Neotropical migratory bird communities. Received 18 November 2004,
accepted 24 August 2005.

Due to growing public concerns about
clear-cutting and planting, the USDAForest

Service (USFS) is now relying more on nat-

ural regeneration systems involving both
even-aged (e.g., seed-tree and shelterwood)
and uneven-aged (e.g., single-tree and group-
selection) silvicultural practices (Thill and
Koerth 2005). On the Ouachita National For-

est (ONF) in west-central Arkansas and east-

central Oklahoma, clear-cutting has been
largely replaced by seed-tree, shelterwood,
single-tree, and group-.selection management.
Seed-tree management is similar to clear-cut-

ting, but relies on natural regeneration from
trees (typically 10-25 mature trees/ha) that

are retained as a seed source (Holland et al.

1990). Under group-selection management,
roughly 10% of the stand is clear-cut every 10
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years within small (<0.8 ha) patches that are

allowed to regenerate naturally. If the sur-

rounding stand (matrix) contains sufficient

timber volume, it also may be thinned con-
currently with the patch cuts (Smith 1986,
Baker et al. 1996). Following a succession of
treatments, this system creates a mosaic of
forest patches of differing serai stages.

In general, tree removal results in the de-

cline of many forest-interior bird species

(Robinson et al. 1995, Thompson et al. 1995,

Annand and Thomp.son 1997). Clear-cutting

and heavy thinning treatments, however, can
create habitat for a suite of early-successional

bird species that would otherwi.se not occur,

or occur infrequently, in forested landscapes
(Annand and Thomp.son 1997, Germaine et al.

1997, Costello et al. 2()00). Many of these ear-

ly-SLiccessional species have experienced
widespread population declines in recent years

(Askins 1993, Litvaitis 1993). Group-.selec-

tion silviculture may be appealing to wildlife

managers because it creates habitat for early-

successional species and allows some species

that require mature forest to remain in the for-

est matrix after harvest (Chambers et al. 1999,

Robinson and Robinson 1999, Costello ct al.

2()()0). ITirthcrmorc, group-.selection silvicul-
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ture may increase overall bird abundance and

diversity in some areas relative to untreated

stands (Germaine et al. 1997). However, re-

cent studies have shown that some early-suc-

cessional species that occur in large forest

openings do not use, or occur less frequently,

in the smaller openings created by group-se-

lection cuts (Annand and Thompson 1997,

Rodewald and Smith 1998, Robinson and

Robinson 1999, Costello et al. 2000). These

data suggest that group-selection silviculture

may not be suitable for some early-succes-

sional bird species in forested landscapes, and

that a mix of silvicultural techniques may be

necessary to maintain populations of these

species (Annand and Thompson 1997, Cham-

bers et al. 1999, Costello et al. 2000).

Whereas species presence/absence data are

meaningful, they are not sufficient to uncover

causes of reproductive failure that may limit

populations associated with different silvicul-

tural practices (Donovan et al. 1995). Several

recent studies were designed to evaluate nest

success in stands treated with group-selection

harvests (e.g., King et al. 2001, Twedt et al.

2001, Gram et al. 2003, King and Degraaf

2004); however, only a few compared nest

success of early-successional species in regen-

erating group-selection cuts to that in other

treatments (King et al. 2001, Gram et al.

2003). Barber et al. (2001) compared nesting

success on the ONFunder several silvicultural

treatments, including single-tree selection, but

there are no data for evaluating nesting suc-

cess under group-selection systems in this

area. These data are needed, however, because

the ONFplans substantial use of group-selec-

tion silviculture in the future.

Our objective was to compare occupancy

and nesting success of three early-succession-

al Neotropical migrants within stands treated

with traditionally sized (<0.8 ha) group-selec-

tion cuts and larger seed-tree cuts (10-16 ha)

in the Ouachita Mountains of Arkansas. We
chose the latter treatment because it is one of

the primary even-aged regeneration systems

being used on the ONF. Wepredicted that nest

success would be lower in the small, group-

selection cuts than in the larger seed-tree cuts.

We also predicted higher rates of nest preda-

tion in group-selection than in seed-tree cuts.

Parasitism by Brown-headed Cowbirds {Mol-

othrus ater) is low on the ONF (Barber et al.

2001) and elsewhere in forested landscapes

(Hoover and Brittingham 1993, Hoover et al.

1995, Hanski et al. 1996); therefore, we did

not expect parasitism to be an important cause

of nest failure. In addition to examining oc-

cupancy and nest success, we also evaluated

microhabitat characteristics at nest sites. We
compared habitat structure (1) between nests

in small openings created by group-selection

silviculture and those in larger openings cre-

ated by seed-tree silviculture, and (2) between

successful and unsuccessful nests.

METHODS
Study area. —Our study was conducted in

2000 and 2001 on the easternmost portion of

the ONF in Garland. Perry, and Saline coun-

ties, Arkansas. Mixed pine-hardwood stands

on the ONFoccur at elevations ranging from

approximately 90 to 820 m, and are charac-

terized by a diverse mix of vegetation domi-

nated by shortleaf pine {Pinus echinata), oaks

(Quercus spp.), and hickories (Carya spp.).

Commonhardwoods include white oak {Quer-

cus alba), black oak {Q. velutina), northern

red oak {Q. rubra), post oak {Q. stellata),

blackjack oak {Q. marila?-idica), mockemut

hickory {Carya tomentosa), red maple {Acer

rubrum), black tupelo {Nyssa sylvatica),

winged elm {Ulmus alata), and flowering dog-

wood {Comus florida). Commonshrubs in-

clude winged sumac {Rhus copallinum), big-

leaf snowbell {Styrax grandifolia), American

beautyberry {Callicarpa americana), sparkle-

berry {Vaccinium arboreu??i), and other Vac-

cinium species.

Our study areas included three group-selec-

tion and three seed-tree stands; one of the lat-

ter had to be replaced in 2001 because it was

inadvertently burned after the 2000 held sea-

son. Each treatment was 6 years post-harvest

at the initiation of this study in 2000. Seed-

tree stands ranged from 11 to 16 ha in size.

Two of the group-selection stands were 12 ha,

and each contained three openings. The third

group-selection stand was 36 ha, and con-

tained 15 openings. Our group-selection

stands had been subjected only to their first

treatment in a series of harvests; thus, these

stands were in transition from an even-aged

to an uneven-aged condition. The 21 group-

selection openings from our three stands

ranged in size from 0.14 to 0.76 ha (mean =
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0.33 ha); however, 19 (91%) of the openings
were <0.40 ha, which is half the upper limit

(0.8 ha) used under traditional group-selection

management. The mean nearest-neighbor dis-

tances between adjacent group-openings in the

two smaller stands were 169 and 131 m, and
the mean in the larger stand was 48 m. The
ratios of early successional to forested habitat

in the smaller group-selection stands were 1 .0:

13.8 and 1.0:7. 5 ha, and the ratio in the larger

stand was 1. 0:9.0 ha.

Fieldwork . —Fieldwork was conducted be-

tween early May and mid-August in 2000 and
2001. We chose three focal study species

—

Indigo Bunting {Passerina cyanea). Yellow-
breasted Chat (Icteria virens), and Prairie

Warbler (Dendroica discolor ) —for monitor-
ing nest success in regenerating seed-tree and
group-selection stands. These species were se-

lected because they are common in forest

openings in the ONFand their nests are rel-

atively easy to find.

We located nests of target species by fol-

lowing adults carrying nest material or food,

by observing them return to their nests to re-

sume incubation, and by systematic searches

of the study areas. We found a few additional

Yellow-breasted Chat nests by attaching radio

transmitters (Johnson et al. 1991) to the backs
of females that we caught with mist nets. We
tracked these birds until we found their nests

or until the transmitters fell off. Nests were
monitored an average of once every 3-4 days
following the techniques of Martin and Geu-
pel (1993). Whenever possible, we used bin-

oculars to check nest status from a distance;

however, we approached nests and checked
contents when we expected a transition from
one nesting phase to the next (e.g., incubation
to nestling). When checking nest contents, we
approached from one path and left from an-

other to reduce the probability of attracting

predators. Nests were considered successful if

at least one host young fledged from the nest.

Fledging was confirmed if we observed fledg-

lings, heard begging calls outside of the nest,

or observed adults carrying food or behaving
defensively (chipping) on or near the expected
fledging date. Nests were considered depre-
dated if they were empty prior to the expected
fledging date.

Habitat characteristics of nest sites were
quantified within 5.0- and 1 1 .3-m-radius cir-

cles (0.04 ha) centered on the nests, following
a modified BBIRD Protocol (Martin et al.

1997). Between late June and August of each
year, we measured habitat characteristics after

nests had failed or the young had fledged. We
did not conduct habitat sampling at nests that

were abandoned prior to egg laying, deserted

with eggs or chicks in the nest, or when nest

fate was unknown.
Characteristics measured at nests included

nest height, height and diameter of the nest

plant, number and mean diameter of branches
supporting the nest, and distance from the nest

to the nearest forest edge. We also visually

estimated nest concealment (from 1 m away)
from the side of the nest in each of the four

cardinal directions. At each location, we as-

signed a concealment index value from 1 to 6
(1 = 0-5, 2 - 6-25, 3 = 26-50, 4 = 51-75,
5 = 76—95, and 6 = 96—100%), corresponding
to the percent of the nest that was concealed
by vegetation. We then calculated the mean
index value for concealment from the side.

Habitat characteristics measured within the

5.0-m-radius circles included slope, mean
shrub height, shrub density in two size classes

(<2.5 and >2. 5-8.0 cm diameter), and indices

of various types of ground cover, including

shrubs (in three height classes: 0-0.5, 0.5-1,

and >1 m), grasses, forbs, ferns, vines, leaf

litter, downed logs, and bare ground. Slope of
the circle was measured using a clinometer.

For all other measurements, we divided the

circle into four quadrants, bounded by the four

cardinal directions (Martin et al. 1997). Each
characteristic was measured within each of the

four quadrants, and a mean value was calcu-

lated. Mean shrub height was estimated visu-

ally using a meter stick as a reference. We
considered all trees <3 m in height to be
shrubs. Wecalculated shrub density by count-
ing the number of stems in each size class

within a I-nF quadrat placed in each of the

four quadrants of the circle. Indices of ground
cover were estimated visually using the same
categories as those used for nest concealment.

Characteristics measured in the 11. 3-m-ra-
dius circles included mean tree height, percent
canopy cover, and density of trees and snags.

We used a clinometer to measure the height

of all trees in the circle, and then calculated

the mean height. Canopy cover was measured
using a ccmcave spherical densiometer. For
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tree and snag density, we separated trees into

three size classes (8—23, >23—38, and >38 cm
dbh) and snags into two size classes (<12 and

>12 cm dbh). Density was calculated by

counting the number of trees and snags in

each size class.

Statistical analyses . —We calculated daily

nest survival probabilities for Indigo Bunting

and Yellow-breasted Chat using the Mayfield

(1975) method with the standard error esti-

mator developed by Johnson (1979). We did

not use the Mayfield method for Prairie War-

bler because we found too few (<20) nests

(Hensler and Nichols 1981); instead, we cal-

culated apparent nest success (the number of

successful nests divided by the total number

of nests). For Indigo Bunting and Yellow-

breasted Chat, we calculated daily survival

probabilities for each phase of nesting (egg

laying, incubation, and nestling), as well as

for the entire nesting period. Weonly included

nests in the Mayfield analysis that were ob-

served for >1 day (i.e., we did not include

nests that were found on the day of failure or

fledging). Survival estimates were based on a

25 -day nesting period for Indigo Bunting (4

egg-laying days, 12 incubation days, and 9

nestling days) and a 24-day nesting period for

Yellow-breasted Chat (4 egg-laying days, 12

incubation days, and 8 nestling days) based

on our nest-monitoring data. To calculate nest

success, survival probabilities were raised to

the power of the number of days in the nesting

period (e.g., daily nest survivaP^ = nest suc-

cess for Indigo Bunting). Wetested for a year

effect between 2000 and 2001 by comparing

daily nest survival of Indigo Bunting and Yel-

low-breasted Chat using program CON-
TRAST (Hines and Sauer 1989) and an alpha

level of 0.05. There were no significant dif-

ferences between years for either species;

therefore, we used CONTRAST(Hines and

Sauer 1989) to compare daily nest survival of

Indigo Bunting in seed-tree versus group-se-

lection stands. Wedid not compare daily sur-

vival between the two stand types for Yellow-

breasted Chat because we found too few nests

in group-selection stands. Wecould not com-

pare apparent nest success of Prairie Warbler

in the two stand types because this species did

not nest in group-selection stands.

We used Minitab (Minitab, Inc. 1998) to

conduct all statistical analyses for habitat var-

iables. Weexamined plots of the data and test-

ed for normality. Most habitat variables were

normally distributed; therefore, we tested for

a year effect using two-sample r-tests (alpha

level = 0.05). Nest-site habitat characteristics

were similar between years for all species and

data were pooled across years. Weused two-

sample r-tests to compare nest-site habitat var-

iables between group-selection and seed-tree

stands for Indigo Bunting. To determine

whether habitat variables differed between the

two stand types, we also evaluated effect size

and 95% Cl around the effect size (Anderson

et al. 2001, Di Stefano 2004) instead of using

only the P-values generated from r-tests.

To determine which habitat variables best

explained nest success, we conducted binary

logistic regression analysis. Logistic regres-

sion was conducted for Indigo Bunting nests

in group-selection and seed-tree stands as well

as for all nests pooled, and for Yellow-breast-

ed Chat nests in seed-tree stands. Successful

and unsuccessful nests were binary indepen-

dent variables. For each analysis, we reduced

the number of candidate independent variables

by conducting univariate logistic regression

analyses for each habitat variable (Hosmer

and Lemeshow 1989) —retaining variables

that differed between successful and failed

nests and using an alpha level of <0.15. We
tested for correlation between the retained var-

iables by calculating Pearson correlation co-

efficients; when two or more variables were

correlated {P < 0.05), we included the vari-

able that we thought was more biologically

meaningful, based on our knowledge of the

birds’ behavior and ecology. For each analy-

sis, we then performed logistic regression us-

ing all variables (full model) and on all sub-

sets of the full model. We ranked models us-

ing Akaike’s Information Criterion modified

for small sample size (AIC^; Anderson et al.

2001), and present all models where AAIC^ <

2. If AAIC^ for all other candidate models was

> 2, we present the second-best model as a

comparison. Model fit was evaluated using the

Hosmer-Lemeshow lack-of-fit test (Hosmer

and Lemeshow 1989), in which higher P-val-

ues indicate that the data fit the model well.

RESULTS

Nest success . —We found a total of 82 In-

digo Bunting (54 in seed-tree and 28 in group-
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TABLE 1. Daily survival for Indigo Bunting nests in seed-tree (n = 48) and group-selection stands (n =

25) on the Ouachita National Forest, Arkansas, 2000-2001.

Seed-tree Group-selection

Nest phase
Failed

nests

Exposure
days

Daily

survival ± SE
Failed

nests

Exposure
days

Daily
survival ± SE pa

Egg laying 1 21 0.952 ± 0.047 1 26 0.962 ± 0.038 0.231 0.88

Incubation 8 283 0.972 ± 0.010 6 195 0.969 ± 0.012 0.248 0.88

Nestling 17 242 0.930 ± 0.017 5 117 0.957 ± 0.019 1.209 0.27

Total 26 545 0.952 ± 0.009 12 338 0.964 ± 0.010 0.792 0.37

2nd P- values were calculated using program CONTRAST(Hines and Sauer 1989).

selection stands), 52 Yellow-breasted Chat (50

in seed-tree and 2 in group-selection stands),

and 14 Prairie Warbler (all in seed-tree stands)

nests. The two chat nests in group-selection

stands were found during different years, but

both were located in the same stand and with-

in the largest of all 21 group-openings (0.76

ha). We observed male Prairie Warblers in 3

of the 21 group-selection openings, but we did

not observe any females or nesting activity at

these sites. As these two latter species were
rarely found in group-selection stands, we
could not compare nesting success between
the two treatment types.

Mayfield nest success for Yellow-breasted

Chats in seed-tree stands was 31.3% (n = 46
nests, excluding 4 discovered on the day of

fledging or failure) and overall daily nest sur-

vival was 0.951 ± 0.009 SE. Both chat nests

found in group-selection stands failed. Appar-

ent nest success for Prairie Warblers was
45.4% (n = 11). Three Prairie Warbler nests

were not included because we could not de-

termine nest fate.

Mayfield nest success for Indigo Buntings

was 41.0% in group-selection (n = 25) and
29.2% in seed-tree stands (n = 48), but there

was no significant difference in daily nest sur-

vival between the two stand types (Table 1 ).

Nine of the 82 nests were not included in the

analysis because they were discovered either

on the day of fledging or failure.

Predation was the primary cause of nest

failure for Indigo Bunting (37 of 44 failed

nests; 84.1%), Yellow-breasted Chat (30 of 33
failed nests; 90.9%), and Prairie Warbler (5 of

6 tailed nests; 83.3%). For all species com-
bined, 72 of 83 (86.7%) nests failed because
of predation. Nest desertion (eggs or chicks

present) was the second highest cause of nest

failure for buntings (6 of 44 failed nests;

13.6%), chats (2 of 33 failed nests; 6.1%), and
warblers (1 of 6 failed nests; 16.7%). Other

causes of nest failure included nest abandon-

ment prior to egg laying (1 of 33 failed nests;

3.0% for chats) and brood parasitism by
Brown-headed Cowbird (1 of 44 failed nests;

2.3% for buntings). Overall nest predation for

Indigo Bunting was 45.1% (37 of 82 nests).

Cowbird eggs were observed in three bunting

nests, but only one of these nests failed to

fledge host young. The other two nests fledged

at least one cowbird and one bunting. Overall

nest predation for Yellow-breasted Chat was
57.7% (30 of 52 nests). Cowbird eggs were
also observed in two chat nests (3.8%), but

these nests failed due to predation. Overall

nest predation for Prairie Warbler was 35.7%
(5 of 14 nests). Cowbird parasitism was not

observed in Prairie Warbler nests.

Habitat characteristics . —Eleven habitat

variables differed between Indigo Bunting

nests in seed-tree compared with group-selec-

tion stands (Table 2). Distance to forest edge,

tree height, and grass and forb cover were
greater at nests in seed-tree stands. Fern and
vine cover, total tree density, density of trees

8-23 and >38 cm dbh, total snag density, and
density of snags >12 cm dbh all were greater

at nests in group-selection stands.

Based on the results of the univariate re-

gressions and Pearson correlation tests, we
identified four habitat variables for multiple

logistic regression analysis that explained the

variation in Indigo Bunting nest success in

group-selection stands: diameter of branches

supporting the nest, distance to forest edge,

mean shrub height, and vine cover. The best

models (AAIC, < 2) explaining nest success

in group-selection stands indicated that nests

in areas with increased cover of vines were
more likely to be successful ( fable 3). The
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TABLE 2. Habitat characteristics at Indigo Bunting nests in group-selection (n = 26y and seed-tree (n -

42Y stands on the Ouachita National Lorest, Arkansas, 2000-2001.

Habitat characteristic*’

Group-selection

mean ± SE
Seed-tree

mean ± SE Effect size 95% Cl pc

Distance to forest edge (m) 15.80 ± 2.30 35.71 ± 6.88 -19.91 -5.27 to -34.56 0.009

Grass cover index^ 1.86 ± 0.14 2.63 ± 0.15 -0.78 -0.36 to -1.19 <0.001

Lorb cover index‘d 1.13 ± 0.03 1.55 ± 0.06 -0.42 -0.27 to -0.57 <0.001

Pern cover index‘d 1.42 ± 0.10 1.02 ± 0.01 0.40 0.20 to 0.60 <0.001

Vine cover index'* 2.13 ± 0.16 1.71 ± 0.10 0.42 0.04 to 0.80 0.030

Tree height (m) 13.03 ± 0.68 17.55 ± 0.93 -4.52 -2.23 to -6.83 <0.001

Total tree density^ 11.63 ± 1.80 6.12 ± 0.64 5.51 1.61 to 9.40 0.007

Tree density (8-23 cm dbh)^ 8.48 ± 1.60 2.98 ± 0.54 5.51 1.98 to 9.03 0.003

Tree density (>38 cm dbh)® 0.93 ± 0.20 0.45 ± 0.12 0.47 0.00 to 0.95 0.049

Total snag density® 3.30 ± 0.49 1.00 ± 0.24 2.30 1.19 to 3.41 <0.001

Snag density (>12 cm dbh)® 2.37 ± 0.38 0.55 ± 0.17 1.82 0.98 to 2.66 <0.001

3 Habitat characteristics were not measured at nests that were abandoned prior to egg laying, deserted with eggs or chicks in the nest, or when nest fate

was unknown.

See Alterman (2002) for nonsignificant habitat data.

P-values from two-sample f-tests.

Index based on cover classes described in methods.

^ Tree and snag densities are reported per 0.04 ha.

best model also indicated that nests in areas

with shorter shrubs were more likely to be

successful. Four habitat variables were con-

sidered for multiple logistic regression models

explaining variation in bunting nest success in

seed-tree stands: nest height, nest concealment

from the side, shrub cover 0. 5-1.0 m, and

mean tree height. The models that best ex-

plained variation in nests success in seed-tree

stands (AAIC^ < 2) indicated that nests lower

to the ground in areas with shorter trees were

more likely to be successful (Table 3). The

best model also indicated that nests in areas

with increased cover of shrubs 0.5- 1.0 m tall

were more likely to be successful; however,

the Hosmer-Lemeshow lack-of-fit test indicat-

ed that the data were not a good fit to the

model (Table 3). Four habitat variables were

also considered for multiple logistic regres-

sion models explaining variation in nest suc-

cess for pooled Indigo Bunting nests: mean

shrub height, vine cover, mean tree height, and

density of trees >38 cm dbh. The model that

best explained variation in nest success for the

pooled sample indicated that nests in areas

with shorter shrubs, shorter trees, and fewer

large trees were more likely to be successful

(Table 3). Increased vine cover was also an

indicator of nest success in the second-best

model.

Based on the results of the univariate re-

gressions and Pearson correlation tests, we
identified five habitat variables for inclusion

in multiple logistic regression analysis ex-

plaining variation in Yellow-breasted Chat

nest success in seed-tree stands: nest height,

nest concealment from the side, distance to

forest edge, density of trees >38 cm dbh, and

density of snags <12 cm dbh. Most of the

models that best explained variation in nest

success indicated that nests lower to the

ground and farther from the forest edge were

more likely to be successful (Table 3). Some

of the models also indicated that nests in areas

with fewer large trees and small snags were

more likely to be successful.

DISCUSSION

Occupancy and nest success . —Our data

clearly show that Indigo Buntings can nest

successfully in regenerating forest created by

group-selection and seed-tree silviculture.

Furthermore, daily nest survival was similar

among treatments and we did not observe el-

evated levels of predation in group-selection

openings. As expected, parasitism by Brown-

headed Cowbird was very low for all species.

Few studies have presented similar compara-

tive data on nest success of early-successional

species in large and small forest openings.

Our results are consistent with those of King

et al. (2001), who found no difference in daily

nest survival for Chestnut-sided Warbler

{Dendroica pensylvanica) in 6- to 10-ha clear-

cuts (0.993) and 0.2- to 0.7-ha group-selection

cuts (0.987) in New Hampshire. They also
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found no difference in daily nest survival after

pooling data for 16 species. Gram et al. (2003)

also reported no difference in daily nest sur-

vival for Indigo Buntings in regenerating 3-

to 13-ha clear-cuts (0.969) and stands treated

with both group- and single-tree harvest

(0.967) in the Missouri Ozarks.

From our study, it is evident that group-

selection openings <0.4 ha may be too small

to support nesting Yellow-breasted Chats or

Prairie Warblers. This conclusion is consistent

with Annand and Thompson’s (1997) pres-

ence/absence data for these species in clear-

cuts and group-selection openings. In our

study, chats did nest in one group-selection

opening; however, this was the largest (0.76

ha) of the 21 openings. Chats were not ob-

served in any of the other 20 group-openings

(all but 1 were <0.4 ha). Prairie Warblers

were also observed in two of the group-selec-

tion cuts, one of which was the largest open-

ing, while the other was <0.4 ha. Because we
monitored nests frequently, we are confident

that we spent enough time in the group- selec-

tion stands to determine that both Yellow-

breasted Chats and Prairie Warblers were in-

deed absent from the majority of the group-

selection openings. In the near future, forest

managers in the ONFare considering imple-

menting experimental clear-cuts of interme-

diate size (2 ha), which may be more suitable

for nesting Yellow-breasted Chats and Prairie

Warblers. Additional research is needed to

evaluate the minimum patch-size require-

ments for these and other early-successional

species.

The change in condition of group-selection

stands over time may also be an important

factor for early-successional birds. The group-

selection stands in this study had been treated

only once, and represented a transition phase

from an even-aged to an uneven-aged condi-

tion. The effects of repeated treatments every

10-15 years are unknown and should be stud-

ied. Nevertheless, occupancy and nest-success

data are important for early-successional spe-

cies in transitional group-selection stands be-

cause all even-aged stands go through this

process when subjected to uneven-aged man-

agement.

Habitat characteristics . —Although there

were a number of significant differences in

microhabitat variables at Indigo Bunting nests

in seed-tree versus group-selection openings

(Table 2), daily nest survival in the two stand

types was similar. Some of these differences

are more likely a function of the differences

in opening size rather than avian selection for

specific nest-site characteristics. The results of

regression analyses indicated that most micro-

habitat variables were similar for successful

and failed nests of Indigo Buntings and Yel-

low-breasted Chats; however, differences in a

few key variables may be biologically impor-

tant to nesting success. Increased vegetative

cover surrounding nests explained a large por-

tion of the variation in nest success in group-

selection (vine cover) and seed-tree (shrub

cover 0.5- 1.0 m tall) stands, and for all nests

pooled (vine cover). Nests in areas with more

vegetative cover may be less conspicuous to

some predators. In addition to shrubs, our

study areas contained several vine species, es-

pecially muscadine grape {Vitis rotundifolia),

which often afforded excellent vegetative cov-

er.

Logistic regression models also indicated a

negative relationship between nest height and

probability of nest success for buntings and

chats in seed-tree stands. Nests placed lower

to the ground may be less conspicuous to

some avian predators, which usually detect

nests from above. In contrast, Ricketts and

Ritchison (2000) found that height of Yellow-

breasted Chat nests was greater for successful

(median = 0.83 m) than failed (median = 0.75

m) nests in mixed woodland and early-suc-

cessional habitat in Kentucky. Burhans et al.

(2002) also found increased nest predation at

Indigo Bunting nests that were lower to the

ground. There may be an optimal range of

nest height that reduces predation rates in spe-

cific habitats, and this may differ among hab-

itat types and geographical locations.

One other habitat variable that may be bi-

ologically important to some early-succes-

sional species in the ONF is distance to the

forest edge. In our study, increased distance

to the forest edge was important in explaining

nest success for Yellow-breasted Chat in seed-

tree stands. Because predation was the pri-

mary cause of nest failure for chats, our model

suggests that predation may have increased

with decreasing distance to the habitat edge.

Distance to edge did not explain variation in

Indigo Bunting nest success, however. Wood-
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ward et al. (2001) also found some evidence

of edge effect on Yellow-breasted Chat (but

not Indigo Bunting) nest success in the Mis-
souri Ozarks. In that study, chat nests closest

to edges (<20 m) had higher predation rates

than nests 21-40 m from forest edges. Pre-

dation increased, however, at nests >40 m
from edges. Other recent studies suggest little

or no edge effect associated with openings

created by silviculture in predominantly for-

ested landscapes for forest-interior (Hanski et

al. 1996, Duguay et al. 2001, Rodewald 2002)
and early-successional species (Hanski et al.

1996, King et al. 2001). However, Manolis et

al. (2000) showed that many studies that

failed to detect edge effects in forested land-

scapes did not have sufficient power. Other
recent studies in forested landscapes have
documented mixed results —that is, they
showed edge-related increases in nest preda-

tion for some species but not others (Burke
and Nol 2000, Flaspohler et al. 2001).

Management implications . —Our results

suggest that group-selection silviculture may
not be the most appropriate strategy on the

ONFfor providing habitat for some early-suc-

cessional, migratory bird species. If seed-tree

cuts are replaced by group-selection cuts on a

large scale, this management strategy might
reduce availability of nesting habitat for some
early-successional species, such as Yellow-
breasted Chat and Prairie Warbler. Suitable

habitat for these species during the breeding
season is important because many have exhib-
ited population declines in Arkansas and else-

where in recent decades (James et al. 1992,
Sauer et al. 2001 ).

The USFS and other land management
agencies have begun to shift their silvicultural

practices toward uneven-aged management
(Costello et al. 2000). Group-selection silvi-

culture may increase avian abundance and di-

versity in forested communities because these

treatments create habitat for early-succession-

al species while retaining forested habitat and
many forest-interior species (Germaine et al.

1997). However, several studies have shown
that early-successional species occur less fre-

quently in small forest openings (Annand and
Thompson 1997, Rodewald and Smith 1998,

Robinson and Robinson 1999). Our data are

consistent with these latter findings. Imple-
mentation of widespread management tech-

niques in national forests that improve habitat

for some species at the expense of other spe-

cies of conservation concern, such as Yellow-
breasted Chat and Prairie Warbler, should be
undertaken with the knowledge of the poten-

tial negative impacts on those species. Before
its widespread adoption, forest managers
should understand how group-selection man-
agement techniques affect the abundance and
diversity of the entire avian community. Im-
plementing a mix of silvicultural techniques

may be necessary to maintain populations of

early-successional species in the ONF and
similar forested landscapes.
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